Background/Aims: Fibroblast growth factor 2 (FGF2) plays a predominant role during angiogenesis in the adventitia and in atherosclerotic plaque. A dilemma exists, however, as to whether angiogenic stimulation by FGF2 for the prevention and treatment of atherogenesis is feasible. The aim of this study is to investigate the effect of the 18-kDa FGF-2 isoform on atherosclerosis progression in high-fat diet-fed apolipoprotein E knockout (ApoE-/-) mice. Methods: We established a model of atherosclerosis using ApoE and 18-kDa FGF-2 gene double knockout mice. They were randomly divided into three groups depending on the duration of diet: 8 weeks, 12 weeks and 16 weeks. Then, we studied the morphology and inflammatory factor staining in the atherosclerosis plaque of these mice. Results: Knockout of the 18-kDa FGF-2 isoform did not change the metabolic characteristics of the mice. Compared to the control group, knockout of the 18-kDa FGF-2 isoform significantly attenuated atherogenesis, reduced aortic plaques, reduced macrophage infiltration and suppressed oxidative stress in mice fed with a high fat diet at all-time points. Conclusions: 18-kDa FGF-2 aggravated the inflammatory reaction of atherosclerosis.
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Introduction
Atherosclerosis is a chronic inflammatory disease of the vascular wall. It is a complex process involving a number of inflammatory cells and cytokine interactions throughout different stages of its development. It is caused by circulating low density lipoprotein (LDL) which enters the sub-endothelial space of the blood vessel [1, 2] . Once LDL is oxidized by reactive oxygen species (ROS), adhesion molecules such as vascular endothelial cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), E-selectin and P-selectin are up-regulated. Additionally, expression of chemokines, such as monocyte chemoattractant protein-1 (MCP-1) is increased in endothelial cells [3, 4] . Up-regulation of adhesion molecules leads to the recruitment of monocytes and T-lymphocytes to the vessel wall, which is a key factor in maintaining the inflammatory process [4] [5] [6] . The most abundant immune cell type in atherosclerotic lesions is the macrophage, which is involved in all pathological stages of atherosclerosis [7, 8] . Macrophages secrete chemokines such as MCP-1, and produce angiogenic factors such as basic fibroblast growth factor (bFGF), also known as FGF2 or FGF-β, a well-characterized angiogenic growth factor. FGF2 then promotes the growth of microvessels within the plaque to leasing to neoplasia, hemorrhage and thrombosis.
Angiogenic stimulation by FGF2 has been widely regarded as a promising strategy for treating patients with arteriosclerotic coronary artery disease (CAD) through protection of the arterial endothelium [9, 10] . This strategy aims to improve cardiac function and reduce the risk of myocardial infarction by improving myocardial blood supply [11, 12] . Conversely, angiogenesis may contribute to the growth of atherosclerotic lesions and play a key role in the destabilization of plaque, leading to rupture [13, 14] . Clinical trials thus far cannot provide significant evidence for the efficacy of FGF2, and in view of unavoidable side effects occurring with FGF2 treatment, its clinical application is still controversial. Thus, the role of angiogenesis in atherosclerosis is endlessly debated, and further work is necessary.
FGF2 consists of multiple protein isoforms, including low molecular weight (LMW), and high molecular weight (HMW) produced by alternative translation from the FGF2 gene [15, 16] . Due to differential functions that LMW and HMW isoforms contribute towards in the cardiovascular system, significant efforts have been made to determine their individual characteristics in vivo and ex vivo using experiments in mammals. The LMW, 18-kDa FGF-2 isoform, is translated from a conventional AUG start codon and consists of 155 amino acids, representing the core sequence common to all FGF2 isoforms [15] . At present, FGF2-associated research mainly focuses on functional studies of the 18-kDa FGF-2 isoform. In our study, we constructed a ApoE and 18-kDA-FGF2 gene double knockout mouse for exploring the underlying role of the 18-kDa FGF2 isoform in the progression of atherosclerosis during in different time points after being fed with a high-fat diet.
Materials and Methods
Animal model 120 male ApoE-/-and 120 ApoE−/− Fgf2 lmw-mice aged 8 weeks and weighing 20-22 g were fed with a high fat diet during the entire experimental period. 18-kDa-FGF2 knockout (Fgf2 lmw-) mice were purchased from Jackson Laboratory (JAX Stock No. 010698).
The ApoE−/− Fgf2 lmw-mice strain were produced by cross-breeding ApoE−/− and Fgf2 lmw-mice. They were backcrossed for a minimum of 20 generations. The genotyping results has been showed in Fig. 1 . All animals were conventionally housed and kept on a 12 h light/12 h dark cycle with food and water freely available. The food composition of the high fat diet was 15% cocoa butter and 0.25% cholesterol. In order to investigate whether the effect of 18-kDa FGF2 knockout on atherosclerosis is dependent on the stage of the disease process, mice were randomly divided into three groups depending on the duration of diet: 8 weeks, 12 weeks and 16 weeks. Then, we studied the plaque morphology of these mice. Measurement of plasma components Mice were euthanized and blood was collected through cardiac puncture. Serum levels of total cholesterol (TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C) and high-density lipoprotein-cholesterol (HDL-C) were measured, using a biochemistry automatic analyzer (HITACHI 7170A, Hitachi, Tokyo, Japan).
Atherosclerotic lesion analysis
The heart and aortic tissue were removed from the ascending aorta to the ileal bifurcation and placed in 4% paraformaldehyde for at least 16 hours. After fixation, the adventitia was thoroughly cleaned under a dissecting microscope. For analyzing the lesion area in the aortic root, the heart with attached aortic arch was embedded in OCT and sectioned at 5 μm using a Leica cryostat for histopathology and immunohistochemistry staining. Four consecutive sections were collected from each mouse and stained with Oil Red O for neutral lipids, and counterstained with hematoxylin to visualize the nuclei. Images of plaques were captured with an Olympus microscope connected to a QImaging Retiga CCD camera. The aortic lesion size of each animal was obtained by the averaging of lesion areas in four sections from the same mouse. For analysis of the lesion area in the aortic arch, the intimal surface was exposed by a longitudinal cut from the ascending arch to 5 mm distal of the left subclavian artery to allow the lumen of the aortic arch to be laid flat.
Histopathology and immunohistochemistry
All immunohistochemical staining (IHC) was detected by DAB. IHC was used to detect target protein expression. Rehydrated sections obtained from the thoracic aorta and cryosections from the aortic root (5 µm) were microwaved in citrate buffer for antigen retrieval. Sections were incubated in endogenous peroxidase (DAKO) and protein block buffer, and then with primary antibodies overnight at 4°C as indicated below. Slides were rinsed with PBS and incubated with secondary antibodies.
The primary antibody against macrophage-specific antigen (MOMA-2, diluted 1:150; ab33451, Abcam), vascular cell adhesion molecule-1 (VCAM-1, ab171123, diluted 1:200; Abcam), Nox4 (ab109225, diluted 1:200, Abcam), p47phox (sc-17844, diluted 1:200, Santa Cruz) and MCP-1 (ab7202, diluted 1:100, Abcam) were used for immunohistochemical staining. The contents and distribution were evaluated by analyzing positive staining areas using the computer-assisted morphometric analysis system Image-Pro Plus 6.0 (Media Cybernetics, Bethesda, MD, USA). The extent of atherosclerotic lesions in the entire aorta was measured by the positive oil red O staining area relative to the entire aorta en face.
Western blot
Total proteins were extracted from aortic tissues of mice. The protein level change of Fgf2 lmw-was quantitatively analyzed using western blotting.
Statistical analysis SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL) was used for all data analysis. Continuous variables were expressed as mean ± standard deviation (SD). Unpaired t-test was used for comparisons between two groups. Values of P<0.05 were considered statistically significant.
Results
ApoE−/− Fgf2 lmw-double knockout mouse model building and genotyping analysis
The genotypes of mice were analyzed by agarose gel electrophoresis. Tag and Exchange gene targeting strategy was used for producing the Fgf2 lmw-exchanged allele. The ATG site in the genomic DNA was mutated, which also resulted in a diagnostic PstI site to divide the DNA into 476 bp and a 90 bp sections.
Genotyping analysis of ApoE−/− Fgf2 lmw-mice showed a band at 265 bp (Apoe -/ -) and bands at 476 bp + 90 bp (Fgf2 lmw-/-); 90 bp is too small to observe, so only a 476 bp band was observed ( Fig. 1) . Western blot showed the complete absence of the 18 kDa-FGF2 (Fig. 1 Table 1 . Body weight, blood glucose and serum lipid levels. TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol. There is no difference between the two groups among these indexes 
week HFD group, en face lesion areas were 20.0% and 14.6%, and the aortic root lipid stained positive area ratios were 47.4% and 30.6% in ApoE-/-mice and DKO mice, respectively. The 16-week HFD group had the same trend, en face lesion area ratios were 34.0% and 19.6%, and aortic root lipids contents ratios were 51.8% and 36.7% in ApoE-/-mice and DKO mice, respectively (Fig. 2) . These results suggest that 18 kDa-FGF2 is involved in the development of atherosclerosis processing from early to advanced stages.
Knockout of 18 kDa-FGF2 reduced macrophage infiltration
To further reveal the role of 18 kDa-FGF2 in atherosclerosis plaque, we measured macrophages expression on the atherosclerotic lesions by staining with an antibody against the macrophage marker MOMA-2. The relative macrophage infiltration in aortic plaques as shown by IHC staining was significantly decreased: the positive staining area ratio was 16.0% in ApoE-/-mice compared to 5.9% in DKO mice in the 8-week HFD group, 18.3% compared to 14.2% in the 12-week HFD group and 19.5% compared to 9.0% in the 16-week HFD group. This suggests that 18-kDa FGF2 is involved with macrophage infiltration in atherosclerotic plaque (Fig. 3) . 
18-kDa FGF2 involved in chemokine and adhesion molecule expression
In atherosclerotic lesions, FGF2 and its receptors contribute to inflammatory processes and intimal thickening [17] . High expression of MCP-1 was detected in macrophage-rich atherosclerotic lesions in human and rabbit [18] . VCAM-1 has an increased expression at lesion-prone sites and has been involved in monocyte migration in atherosclerosis [19] . Prevention effect of 18-kDa FGF2 on the expression of MCP-1 and VCAM-1 in atherosclerotic plaques was evaluated in order to examine the proinflammatory, cytokine-stimulated mechanism involved in monocyte-endothelial adhesion. Results indicated that 18-kDa FGF2 isoform knockout markedly reduced MCP-1 expression. The positive staining area in ApoE-/-mice was 15.6%, whereas the DKO mice only had 2.8% with the 8-week HFD group. In the 12-week group, the ratio was 16.0% and 4.9% in control mice and DKO mice, respectively. This decreased from 12.2% to 3.0% in the 16-week HFD group. The expression of VCAM-1 was also reduced in DKO mice in all three durations of HFD treatment. The positive staining ratio in DKO mice was 6.4%, 4.8% and 2.8% in 8-week, 12-week and 16-week, respectively, compared to the control ApoE-/-mice, which were 12.7%, 14.9% and 9.6% at the respective time-points. (Fig. 4 and 5) . [20] . Another NADPH oxidase cytosolic protein, p47phox is involved in the atherosclerosis process via regulating NOX2 activation [21] . To test the correlation of expression of NADPH oxidase subunits and 18-kDa FGF2, we performed functional verification in vivo. We tested Nox4 and p47phox expression in the atherosclerotic lesions and found that, compared to the ApoE-/-mice, the DKO mice possessed lower Nox4 and p47phox expression among the three different time-points (8-week, 12-week and 16-week of HFD fed). The ratios of Nox4 positive staining in control ApoE-/-mice were 18.9%, 14.9% and 8.3%, whereas all of them decreased to 4.3%, 4.7% and 3.9% in DKO mice, respectively (Fig. 6) . Similar results occurred with p47phox expression detection. The results showed that in control ApoE-/-mice, the ratios were 14.3%, 14.0% and 12.6% in 8-week, 12-week and 16-week HFD fed groups, however at all time-points the ratios reduced to 4.3%, 6.4% and 4.5% in DKO mice, respectively (Fig. 7) .
Discussion
Our study provided evidence that knockout of low molecular weight FGF2 plays an important role in preventing the development of atherosclerosis. We conducted a series of experiments to prove that 18-kDa FGF2 is involved in macrophage infiltration, the expression of chemokine and adhesion molecules, as well as expression of NADPH oxidase subunits in atherosclerotic lesions with different durations of high fat-fed double knockout mice.
FGF2 is involved in regulating numerous cellular functions in multiple cell types, including cell proliferation, differentiation, viability, adhesion and migration [22, 23] . Function of FGF2 in cardiovascular disease also includes angiogenesis and blood vessel remodeling; it is widely considered as the most common angiogenic growth factor. However, the role of FGF2 in atherosclerotic pathogenesis is far less understood [24, 25] . Our results confirmed that knockout of 18-kDa FGF2 in ApoE-/-mice possessed an inhibitory effect on the progression of atherosclerosis at different stages.
Macrophages have an essential role during all stages of atherosclerosis. When monocytes infiltrate the intima, they differentiate into macrophages and engulf lipoproteins into foam [8, 26] . Apoptosis of endothelium cells, which cannot be cleared away from vessels immediately, would cause gradual accumulation of foam cells [27] . In a study by Tanaka et al [28] ., FGF-2 treatment increased the number of vasa vasorum and accumulation of Mac3-positive macrophages in atherosclerotic lesion formation, which is consistent with our results. In our study, we further confirmed that deletion of 18kDa FGF-2 was associated with reduced infiltration and accumulation of macrophages at different stages of atherosclerosis. MCP-1 is considered a critical factor in the formation of atherosclerotic plaques, which has strong and specific chemotactic activity on monocytes. Enhanced expression of MCP-1 was demonstrated in a variety of pathologic conditions, associated with inflammation and mononuclear cell infiltration. Extensive experimental evidence suggests that MCP-1 is highly expressed in atherosclerotic plaques, and mediates macrophage recruitment in the atherosclerosis lesion. In recent years, there is increasing evidence that MCP-1 plays a key role in the development of atherosclerosis [29] [30] [31] . Hypercholesterolemia induced higher expression of adhesion molecules such as VCAM-1 at atheroprone areas, which is also involved in transmigration, accumulation and differentiation of inflammatory cells into foam cells to increase intima-media thickness [32] . In the present study, we found that knockout of the 18-kDa FGF-2 could reduce the expression of both MCP-1 and VCAM-1 in the plaque lesion. These findings indicate that deletion of 18-kDa FGF-2 contributes to reduce the inflammation in all of the stages of atherosclerosis process.
Oxidative stress plays a key role in the pathogenesis of atherosclerosis, particularly by promoting oxidative modification of low density lipoprotein (LDL). Oxidation of LDL is one of the earliest events in the formation of atherosclerosis, and it has been shown that NADPH oxidase is critically involved in the process in both mice and humans by acting either directly or indirectly as a precursor of ROS which are utilized as substrates by other enzymes to generate more powerful oxidizing species [33, 34] . There are seven NADPH-dependent oxidoreductases (Nox enzymes) related isoforms, and four (Nox1, Nox2, Nox4, and Nox5) of them are expressed in vascular and immune cells [31, 35] . Nox1 and 2 isoforms are involved in the development of atherosclerosis in mouse and human; both of them are activated by the subunit p47phox. Knockout of p47phox in mouse protects against lesion formation in the aorta which suggests that either Nox1, Nox2 or both are important for the development of atherosclerosis [36] . Nox5 is upregulated in atherosclerotic lesions in human, but it is absent from the mouse genome; its impact on the development of lesions remains unknown.
Therefore, in our study, we chose p47phox to represent Nox1 and Nox2, and Nox4 which was comparatively obscure in atherosclerosis until recently. In order to evaluate the effect of the deletion of 18-kDa FGF-2 in the oxidative stress process in atherosclerosis, we tested the Nox4 and p47phox expression in the plaque. Compared to the ApoE-/-mice, 18-kDa FGF2 and ApoE-/-double knockout mice expressed lower levels of Nox4 and p47phox in aortic root sections.
In conclusion, our findings indicate that 18-kDa FGF2, which previously was known only to be an angiogenesis factor, would aggravate the degree of atherosclerosis from early stage to advanced stage. Therefore, according to our current study, the consideration of using FGF2 as a therapeutic approache in cardiovascular disease should be avoided.
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